The neurosphere assay (NSA) is one of the most frequently used methods to isolate, expand and also calculate the frequency of neural stem cells (NSCs). Furthermore, this serum-free culture system has also been employed to expand stem cells and determine their frequency from a variety of tumors and normal tissues. It has been shown recently that a one-to-one relationship does not exist between neurosphere formation and NSCs. This suggests that the NSA as currently applied, overestimates the frequency of NSCs in a mixed population of neural precursor cells isolated from both the embryonic and adult mammalian brain. This video practically demonstrates a novel collagen based semi-solid assay, the neural-colony forming cell assay (N-CFCA), which has the ability to discriminate stem from progenitor cells based on their long-term proliferative potential, and thus provides a method to enumerate NSC frequency. In the N-CFCA, colonies ≥2 mm in diameter are derived from cells that meet all the functional criteria of a NSC, while colonies < 2mm are derived from progenitors. The N-CFCA procedure can be used for cells prepared from different sources including primary and cultured adult or embryonic mouse CNS cells. Here we use cells prepared from passage one neurospheres generated from embryonic day 14 mice brain to perform N-CFCA. The cultures are replenished with proliferation medium every seven days for three weeks to allow the plated cells to exhibit their full proliferative potential and then the frequency of neural progenitor and bona fide neural stem cells is calculated respectively by counting the number of colonies that are < 2mm and the ones that are ≥2mm in reference to the number of cells that were initially plated.
NSC medium. If using cells from dissociated neurospheres derived from adult or embryonic neural cells, dilute the cell suspension to a concentration of 2.2 x 10 5 cells/mL in complete NSC medium.
Plating Cells in Semi-solid N-CFCA Medium:
1. The appropriate volume of the following components is mixed in order, depending on the number of replicates. Here we mix the amount needed for two replicates or duplicate dishes. For additional numbers of replicates, please refer to 
Preparing Replenishment Medium and Feeding the Culture:
As N-CFCA cultures are incubated for an extended period of time (21 days), cultures should be fed with the appropriate complete NeuroCult replenishment medium prepared fresh as follows: • 60 μL of the appropriate complete NeuroCult Replenishment Medium (for embryonic or adult cells) is added into the center of each NCFC Assay dish once every 7 days during the entire NCFC Assay culture incubation (21 days).
Scoring N-CFC Assay Derived Colonies and Calculating the Frequency of bona Fide
NSCs and Neural Progenitor Cells:
• Each 35 mm culture dish is placed on a gridded scoring dish with the grid size of 2.0 mm x 2.0 mm and then both dishes are placed on the microscope stage.
• Using low power (2.5X -5X) objective lens, each dish is scanned and the colonies are scored based on their sizes.
• Colonies are classified into two major categories:
1. Less than 2 mm diameter 2. ≥2 mm diameter
Representative Results:
As in neurosphere assay, cells plated in N-CFC assay start to proliferate and make small colonies of cells within 3 -7 days after plating ( Figure  1 ). In two weeks time, colonies of different sizes can be distinguished. While the majority of colonies tend to stop growing after 14 days, some colonies continue to increase in size. By day 21, colonies can be classified into one of the four categories: 1) less than 0.5 mm diameter, 2) 0.5 -1 mm diameter, 3) 1 -2 mm diameter and 4) ≥2mm in diameter. Practically, colonies smaller than 2 mm diameter are referred to as progenitor derived ( Figure 2 ) and colonies ≥2mm in diameter are referred to as NSC derived (Figure 3 ). The number of colonies ≥2mm in diameter per total cells plated, represents the frequency of the actual bona fide neural stem cells with long-term self-renewal and multi-potential capabilities. The total neurosphere forming frequency in a particular cell population after 7-8 day in a parallel NSA experiment has been estimated to be similar to the total colony forming frequency of the same cell population after 21 days in a N-CFCA experiment. The N-CFCA however, provides a more permissive condition so as each cell can show its full proliferative potential. 
Discussion
Although neurosphere assay 3,1,2 is the most common method to isolate and expand neural stem cells from a variety of sources like adult and embryonic CNS tissue, it cannot accurately measure the NSC frequency in a mixed population of neural precursor cells (stem and progenitors) as there is not a one to one relationship between the number of neurospheres and the number of bona fide stem cells 4 . To address this limitation, the original NSA has been adapted so as to allow the neural stem and progenitors to grow to their full proliferation capacity for three weeks [5] [6] [7] . Unlike the liquid NSA, in the N-CFCA the colonies are actually clonally derived, as the semi-solid collagen matrix prevents migration of the single cells plated and aggregation of colonies. For consistent results with this assay we recommend:
1. Ensure a single cell suspension in the original cell suspension. Pass your single cell suspension through a 40-μm-size mesh filter so as to remove non-dissociated clumps. 2. Keep the collagen solution on ice or in the +4° C fridge. Collagen is the last item to be added to the mixture of cell suspension as it congeals by increasing the temperature. 3. Do not forget to feed the culture every week. Adding the replenishment medium containing growth factor(s) once every 7 days will allow cells to continue to proliferate over the extended culture period. 4. The final cell plating density have been optimized for cells derived from either primary or cultured neural cells so that the total number of colonies detected after 21 days of culture in the NCFC-A is within the range of at least 50 -200 colonies. This range allows detection of the rare NSC derived colonies >2mm in diameter in samples while providing sufficient numbers of colonies for statistical analyses. Depending on the starting cell source, significantly fewer (<50) and higher numbers of colonies (>250) are sometimes obtained. Too few colonies will result in the colonies >2mm in diameter being below detection levels, while too many colonies will result in overcrowding anddepletion of growth medium components resulting in an inaccurate colony counting. Therefore cell plating density will need to be adjusted accordingly (i.e. increasing or decreasing the total number of cells plated)
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